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Summary

Viral infections have been implicated as the cause of cardiomyopathy in several mammalian species. This study
describes hypertrophic cardiomyopathy (HCM) and myocarditis associated with feline immunodeficiency vi-
rus (FIV) infection in five cats aged between 1 and 4 years. Clinical manifestations included dyspnoea in four
animals, one of which also exhibited restlessness. One animal showed only lethargy, anorexia and vomiting.
Necropsy examination revealed marked cardiomegaly, marked left ventricular hypertrophy and pallor of
the myocardium and epicardium in all animals. Microscopical and immunohistochemical examination showed
multifocal infiltration of the myocardium with T lymphocytes and fewer macrophages, neutrophils and plasma
cells. An intense immunoreaction for FIV antigen in the cytoplasm and nucleus of lymphocytes and the cyto-
plasm of some macrophages was observed via immunohistochemistry (IHC). IHC did not reveal the presence
of antigen from feline calicivirus, coronavirus, feline leukaemia virus, feline parvovirus, Chlamydia spp. or Toxo-
plasma gondii. The results demonstrate the occurrence of FIV infection in inflammatory cells in the myocardium

of five cats with myocarditis and HCM.

© 2015 Elsevier Ltd. All rights reserved.
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Viral infections have been suggested to be a possible
cause of cardiomyopathy in various mammalian spe-
cies (Barbaro et al., 1998; Badorft et al., 1999; Meurs
et al., 2000; Yearley et al., 2006; Sani, 2008). Human
immunodeficiency virus (HIV) and simian
immunodeficiency virus (SIV) have been detected
in myocarditis lesions in man and apes, respectively
(Barbaro et al., 1998; Yearley et al., 2006; Pozzan
et al., 2009). However, the ability of HIV to infect
cardiomyocytes is surrounded by controversy, as the
entry pathway of HIV into these cells has not been
established, given that they do not express CD4
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receptors (Barbaro et al., 2001; Currie and Boon,
2003). Moreover, it is likely that other factors also
play a role in the actiopathogenesis of HI'V-induced
heart lesions, such as opportunistic infections, the im-
mune response to the wviral infection, cardiotoxic
drugs, malnutrition and prolonged immunosuppres-
sion (Sani, 2008).

Myocardial inflammation is often observed in
systemic diseases, yet rarely does it manifest as pri-
mary changes in the heart. The possible causes of
this condition include infection by Trypanosoma
cruzt, Toxoplasma gondii, feline parvovirus (FPV),
Bartonella henselae and, in some cases, opportunistic
fungi (Maxie and Robinson, 2007; Varanat et al.,

2012).

© 2015 Elsevier Ltd. All rights reserved.
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Feline immunodeficiency virus (FIV) is a Lenti-
virus whose structure, replication cycle and patho-
genesis are similar to those of HIV (Hosie et al.,
2011). Infected cats are generally presented with le-
sions associated with immunodeficiency such as gingi-
vostomatitis, chronic rhinitis, lymphadenopathy,
immune-mediated glomerulonephritis and derma-
titis, although some animals may not exhibit any le-
sions (Hosie ¢t al., 2009; Hartmann, 2011). Thus far,
FIV has not been associated with lesions in the cardio-
vascular system. This study describes myocarditis
associated with FIV infection in five cats with hyper-

trophic cardiomyopathy (HCM). Virus was detected
in cardiac lesions via immunohistochemistry (IHC).
The myocarditis associated inflammatory infiltrate
was characterized using cell markers for lymphocytes
and macrophages.

The five cats were submitted for routine necropsy
examination to the Department of Veterinary Pathol-
ogy, Universidade Federal do Rio Grande do Sul
(UFRGS), between 2010 and 2012. The cats had
gross and microscopical changes consistent with
HCM. Organ and tissue samples were fixed in 10%
neutral buffered formalin for 24—48 h, then processed

Table 1
Primary antibodies and immunohistochemical protocols applied in the study

Antibody Antigen retrieval Dilution Detection method Chromogen
Monoclonal
Mouse anti-feline 40 min, 100°C, 0.01 M 1in 100 LSAB-AP PR
immunodeficiency citrate buffer pH 6.0
virus, p24 gag (AbD
Serotec, Kidlington,
UK)
Mouse anti-feline 20 min, 37°C, P-XIV 11in 50 MACH 4 AEC
calicivirus, FCV2-16
(Custom
Monoclonals,
Sacramento,
California, USA)
Mouse anti-coronavirus, 20 min, 100°C, 0.01 M 1 in 300 LSAB-HRP DAB
FIPV3-70 (Santa citrate buffer pH 6.0
Cruz Biotechnology,
Dallas, Texas, USA)
Mouse anti-feline 40 min, 100°C, 1 in 500 LSAB-AP PR
leukaemia virus, gp 70 Tris—EDTA buffer
(AbD Serotec) pH 9.0
Mouse anti-feline/canine 20 min, 37°C, P-XIV 1 in 1,000 LSAB-HRP AEC
parvovirus (AbD
Serotec)
Mouse anti-Chlamydia 5 min, 37°C P-K 1in 100 LSAB-HRP AEC
spp., ACI (Fitzgerald (ready to use)
Industries, Acton,
Massachusetts, USA)
Mouse anti-CD79acy, 20 min, 100°C, 1 in 100 LSAB-HRP DAB
HN57 (Dako, Tris—EDTA buffer
Carpinteria, pH 9.0
California, USA)
Polyclonal
Goat anti- Toxoplasma 10 min, 37°C trypsin 1 in 1,000 LSAB-HRP DAB
gondii (VMRD, 0.1% and microwave
Pullman, Washington, (700 W), 2 min,
USA) 0.01 M citrate buffer,
pH 6.0
Rabbit anti-human 10 min, 37°C P-K 1 in 200 LSAB-HRP DAB
lysozyme, EC 3.2.1.17
(Dako)
Rabbit anti-human CD3 20 min, 37°C P-XIV 1 in 500 LSAB-AP PR

(Dako)

P-XIV, protease XIV (Sigma); P-K, proteinase-K (Dako); LSAB-HRP, biotin—peroxidase—streptavidin (Dako); LSAB-
AP, streptavidin—biotin—alkaline phosphatase (Dako); MACH 4, universal HRP-polymer (Biocare); AEC, 3-amino-9-ethyl-
carbazole (Dako); DAB, 3, 3’ diaminobenzidine (Dako); PR, permanent red (Dako).
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routinely and embedded in paraffin wax. Sections
were stained with hematoxylin and eosin (HE) and
sections of myocardium were also stained by Grocott’s
methenamine silver and modified Brown—Hopps
(Gram) protocols.

Tissue sections were subjected to IHC to detect the
following pathogens: FIV, feline calicivirus (FCV),
feline coronavirus, feline leukaemia virus (FeLV),
FPV, Chlamydia spp. and T. gondii. The inflammatory
infiltrate was also characterized by IHC using
markers specific for CD3 (T lymphocytes), CD79 (B
lymphocytes) and lysozyme (macrophages). The
IHC protocols are described in Table 1. Positive con-
trols included previously tested samples that were as-
sessed simultaneously with the test slides. Negative
controls consisted of tissue samples incubated with
phosphate buffered saline (PBS) instead of primary
antibody. Anti-FIV IHC was also carried out on sam-
ples from every cat that presented with heart lesions
during the period between 2010 and 2012.

During the period between 2010 and 2012 there
was a total of 358 feline necropsy examinations,
among which 22 cases (6.1%) exhibited heart lesions.
Sixteen cats (72.7%) were diagnosed only with HCM
(without myocarditis), five (22.7%) had myocarditis
and HCM and one (4.5%) had dilated cardiomyop-
athy. The breed, sex, age, clinical signs and gross le-
sions observed in the five cats with myocarditis and
HCM are shown in Table 2. Clinically, the majority
of animals had dyspnoea (cats 1, 2, 3 and 5). One
cat also exhibited restlessness (cat 2), while one only

Fig. 1. Myocarditis and hypertrophic cardiomyopathy in a cat in-
fected with FIV. There is moderate cardiomegaly with
pallor of the epicardium. Small white nodules are scattered
over the epicardial surface. Bar, 3 cm.

displayed lethargy and anorexia (cat 4) and suffered
from vomiting. All of the animals died spontaneously
and did not receive any treatment, except for cat 5
that was treated with antibiotics because of suspected
pneumonia due to dyspnoea. Among the other 17 cats
with heart lesions, 15 were of mixed breed and two
were Persians, 11 were male and six were female
and the average age was 6.2 years. At necropsy exam-
ination, all cases had marked cardiomegaly, accentu-
ated concentric left ventricular hypertrophy and
pallor of the myocardium and epicardium (I'igs. 1

Table 2
Signalment, clinical presentation and gross post-mortem findings in cats of this study

Cat Breed, age Clinical signs Gross lesions (non-cardiac) Cardiac lesions
number and sex
1 Persian, 10 months, Dyspnoea Lungs oedematous and heavy Cardiomegaly, left ventricular
male hypertrophy, multifocal to coalescing
white—tan areas in myocardium and
epicardium
2 Persian, 4 years, Restlessness, Lungs oedematous and heavy, liver Cardiomegaly, left ventricular
male dyspnoea enlarged and dark hypertrophy, multifocal to coalescing
white—tan areas in myocardium and
epicardium
3 Crossbred, 3 years, Dyspnoea Blue tongue and oral mucosae, moderate ~ Moderate pericardial effusion with fibrin.
female hydrothorax, lungs oedematous and Irregular epicardial surface.
heavy Cardiomegaly, left ventricular
hypertrophy, multifocal to coalescing
white—tan areas in myocardium and
epicardium
4 Crossbred, 1.5 years,  Lethargy, anorexia, Pale mucous membranes. Hydrothorax and Cardiomegaly, left ventricular
male vomiting ascites with fibrin. Lungs odematous and hypertrophy, myocardial pallor
heavy
) Crossbred, 1 year, male Dyspnoea Blue oral mucosae. Cervical and thoracic Cardiomegaly, left ventricular

vessels engorged. Moderate
hydrothorax. Lungs oedematous and
heavy. Liver enlarged and dark

hypertrophy, myocardial pallor,
thrombus in right atrium
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Fig. 2. Myocarditis and hypertrophic cardiomyopathy in a cat in-
fected with FIV. Cross-sections of different levels of the
heart showing marked hypertrophy of the ventricular mus-
cles, mainly in the left ventricle, with narrowing of the ven-
tricular lumen. There is also myocardial pallor. Bar, 3 cm.

and 2). Cat 3 had pericardial effusion containing
fibrin strands. A thrombus in the right atrium was
observed in cat 5. All of the animals had red,
aerated lungs, which released large volumes of red
fluid when sectioned. Hepatomegaly (cats 2 and 5)
and blue-tinged (cats 3 and 5) or pale (cat 4)
mucosae, in addition to hydrothorax (cats 3, 4 and
3), were also noted. The abdominal aorta of all ani-
mals was examined, but there was no evidence of
thrombosis in any case.

Histological examination revealed multifocal to
coalescing areas of infiltration of the myocardium,
consisting mainly of lymphocytes and, to a lesser
extent, macrophages, neutrophils and plasma cells

Fig. 3. Histopathological change in the heart of a cat infected with
FIV and presenting with myocarditis and HCM. There is
marked multifocal inflammatory infiltration. HE. Bar,
350 pm.

Fig. 4. Immunoreaction for FIV antigen (red colour) in the cyto-
plasm of lymphocytes present in the myocardium. THC.
Bar, 100 pm.

(Fig. 3). Variable amounts of loosely-packed connec-
tive tissue were observed between cardiomyocytes.
Discrete to moderate caseous necrosis was also
observed associated with the infiltrates. No fungal or
bacterial structures were detected by Grocott’s
methenamine silver and modified Brown—Hopps
(Gram) stains. However, diffuse and marked conges-
tion and alveolar oedema was observed in the lungs of
all cats. In cats 2 and 5 there was diffuse hepatic
congestion. No microscopical lesions were observed
in other organs.

Anti-FIV THC revealed immunoreaction in the
cytoplasm and nucleus of infiltrating lymphocytes
(and to a lesser extent within the cytoplasm of some
macrophages) in all five cats (I'ig. 4). The intensity
of the immune reactivity of the samples is shown in
Table 3. An anti-FIV immunoreaction was also
observed in the cytoplasm and nucleus of lymphocytes
in the spleen, lymph nodes, liver and bone marrow of
all cats. No immunoreaction was detected for FCV,
feline coronavirus, FeLLV, FPV | Chlamydia spp. or T.
gondii. Immunoreaction for CD3 and CD79 was

Table 3
Intensity of immunohistochemical labelling for FIV,
CD3, lysozyme and CD79

Cat IV D3 CD79  Lysozyme in Lysozyme
number macrophages  in neutrophils
1 ++ ++ - + ++
2 Tt - + +++
3 ++ ++ - + +
4 + ++ - + +4
5 tH+ - ++ +

—, negative; +, mild; + +, moderate; + + +, marked.
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observed in the cytoplasm of T and of B lymphocytes,
respectively. Anti-lysozyme IHC showed immunore-
action in the cytoplasm of macrophages and neutro-
phils. The intensity of these immunoreactions is
shown in Table 3. No immunohistochemical labelling
was observed in the other 16 cases of HCM or the case
of dilated cardiomyopathy.

Evidence points to a viral aetiology of myocarditis
(Barbaro et al., 1998; Badorfl et al., 1999; Meurs
et al., 2000; Yearley et al., 2006; Sani, 2008);
however, the associated cell invasion and
aetiopathogenic mechanisms have not been clarified
(Barbaro et al., 1998, 2001; Currie and Boon, 2003;
Yearley et al., 2006; Pozzan et al., 2009). The
present study has shown the presence of FIV
antigens in myocarditis lesions in cats. Previous
studies have detected two other lentiviruses, HIV
and SIV, in human and simian hearts with
myocarditis, respectively (Barbaro e/ al., 1998;
Yearley et al., 2006; Pozzan et al., 2009). FIV has
also been associated with myopathy in adult cats
(Podell et al., 1998) and HIV and SIV are similarly
implicated in myopathy in man and simians, respec-
tively (Dalakas et al., 1987; Chan et al., 2007).

In a study conducted in HIV patients, polymer-
ase chain reaction (PCR) allowed the detection of
HIV nucleic acid sequences in the heart tissue of
76% of patients with cardiomyopathy and in 57%
of patients with myocarditis, suggesting that HIV
acts directly in the myocardium, inducing myocar-
ditis and dilated cardiomyopathy (Barbaro et al.,
1998). However, a positive immunoreaction was
observed in the dendritic and interstitial cells in
only one case of myocarditis of undetermined cause
(Pozzan et al., 2009). The comparatively higher rate
of identification achieved using PCR may be related
to the greater sensitivity of this technique. Here, the
performance of IHC was satisfactory in that it af-
forded a good degree of sensitivity, with positive im-
munoreaction being observed in all cats with
myocarditis.

FIV is considered to be endemic throughout the
world. The virus is most commonly detected in adult
male cats that are exposed to contact with other cats
or that live in shelters, because the main route of infec-
tion is via biting (Hosie e/ al., 2009). In the present
study, most of the sick animals that were examined
(four out of five) were males; however, no information
regarding the management of these cats or how
frequently they were given access to the street was ob-
tained.

The mean age of the cats in this study was 2.5 years,
which is younger than the mean age of 4—6 years re-
ported for FIV-positive cats presenting with clinical
signs of immunodeficiency (Hosie e/ al., 2009). Never-

theless, the clinical signs and lesions observed in this
study are not listed in classical descriptions of feline
immunodeficiency (Hosie et al., 2009; Hartmann,
2011); instead, these signs and lesions are associated
with different types of direct effects of FIV or
inflammatory cells on the heart.

The heart lesions in these cats were classified as
HCM due to the gross appearance of marked concen-
tric hypertrophy, mainly in the left ventricle, with
narrowing of the ventricular lumen. In a retrospective
study on idiopathic feline cardiomyopathy, HCM
was considered to be the main form of the condition,
accounting for 57.5% of cases (Ferasin e/ al., 2003).
Viral myocarditis may induce secondary cardiomy-
opathy, leading to heart failure, possibly due to
morphological changes in the cytoskeleton (Meurs
et al., 2000).

HCM is the most common cause of heart disease in
cats (Maxie and Robinson, 2007), as observed in the
present study (68.1%). However, the presence of FIV
was only observed in cases associated with myocar-
ditis, as none of the other hearts with cardiac lesions
were positive for FIV antigen by IHC.

In this study, the inflammatory infiltrate involved
T lymphocytes and macrophages. In a study of apes
with myocarditis, IHC also revealed T lymphocytes
and macrophages infiltrating the heart lesions.
Similar to HIV and SIV, FIV infects helper T lym-
phocytes and macrophages in heart lesions. These
cells play an important immunological role, assist-
ing in both humoural and cell-mediated immunity
(Hosie et al., 2009).

The present study identified FIV antigen in inflam-
matory cells in the hearts of cats with myocarditis and
HCM. However, the specific relationship between
FIV and myocarditis was not established. Further
studies are required to explore the relationship be-
tween FIV, myocarditis and HCM in cats.
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